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Sir: 

We, Dennis A. Carson, Howard B. Cottam and Lynn Deng, declare and say: 

1 . I, Dennis Carson, am presently the director of The Stein Institute for Research on 
Aging in the School of Medicine at The University of California, San Diego and a tenured 
professor in the Department of Medicine. I am the author of more than 400 research papers in 
peer-reviewed joumals and books in the subjects of biochemistry, immunology, autoimmime and 
immunodeficiency diseases and molecular genetics, and a named inventor on 25 issued U.S. 
patents. 

2. I, Howard B. Cottam, have been engaged in the design and synthesis of small 
molecules for immune modulation, antiviral, antitumor and antiparasitic use for over 20 years. 
These molecules are those of the carbohydrate, heterocyclic, nucleoside and nucleotide classes. I 
am author of more than 45 peer-reviewed journal articles and serve as an active reviewer for 

1 1 joumals. I am an inventor on nine U.S. patents or patent applications which have issued or 
are pending. 

3. I, Lynn Deng, have extensive training in pharmacology and biochemistry dealing 
with dmg-targeted receptor purification and identification and drag-related ligand receptor 
interaction in membrane and purified states. I also specialize in signal transduction in calcium 
and integrin areas, aging in neurodegenerative diseases, dmg screenings and in vivo animal 
experimentation. 

4. We are the named co-inventors on the above-identified patent application, and 
make this declaration to support our assertions and claims that the present compounds would be 
generally usefiil to treat the inflammatory response that is associated with pathologies that 
involve the release of proinflammatory cytokines, such as TNFa and IL-L 
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5. Cytokines have been recognized as essential components in acute and chronic 
inflammatory processes. Tumor necrosis factor-a (TNFa) and interleukin-1 (IL-1) are 
polypeptides which promote inflammation and are mainly produced by cells of the 
monocyte/macrophage lineage. Moreover, TNFa is a principal mediator of chronic 
inflammation. While the cytokine response to cell injury is a regulated process and is usually 
beneficial to the host, there are a number of important human diseases which are characterized by 
cytokine overproduction with resultant inflammation and fibrosis. These include immunological 
diseases such as rheumatoid arthritis, multiple sclerosis, asthma, psoriasis, and inflammatory 
bowel disease. 

6. To evaluate the ability of the present thiazolopyrimidine compounds to inhibit 
pathological cytokine release, compound 11-183 (see page 8 of the specification) was evaluated 
in a murine model of pulmonary inflammation. The model was used essentially as described by 
V. L. Goncalves de Moraes et al., "Effect of cyclooxygenase inhibitors and modulators of cyclic 
AMP formation on lipposaccharide-induced neutrophil infiltration in mouse lung," BriLJ. 
Pharmacol. , 117 , 1792-1796 (1996) (copy attached). Mice (three in each group) were treated 
with drug or vehicle alone by inhalation or intraperitoneal injection. One hour later mice were 
exposed to LPS (E. coli) at 0.3 mg/mL by inhalation for 10 min. Three hours later mice were 
sacrificed and tracheotomy was performed. Bronchoalveolar lavage fluid was collected and 
stored at -70°C for TNF-alpha ELISA. The ELISA was performed as described for the human 
monocyte ELISA in Example 4 except that rat anti-mouse TNF-alpha and biotinylated rat anti- 
mouse TNF-alpha antibodies were used for the detection system. The results shown on Table 1, 
below, indicate that 11-183 (a water-soluble derivative of 8a), at an inhalation exposure level of 1 
mg/mL, inhibited the production of TNF-alpha by 1 8% over that of vehicle alone. 

Table 1 

Effect of lT-1 83 on LPS-induced inflammation in mouse pulmonary model 



treatment LPS TNFa (pg/ml) 

vehicle - 27 

vehicle + 1397 

11-183 Img/ml + 1159 

11-183 1 mg/ml - 33 
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7. We further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true, and further that 
these statements are made with the knowledge that willful false statements and the like are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statement may jeopardize the validity of the application or any 
patent issuing thereon. 
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Effect of cyclo-oxygenase inhibitors and modulators of cyclic 
AMP formation on lipopolysaccharide-induced neutrophil 
infiltration in mouse lung 

Vera Lucia Gon9alves de Moraes, B. Boris Vargaftig, Jean Lefort, *Anthony Meager & 
^Michel Chignard 

Unite de Pharmacologic CcUulairc. Unite Associce Institut PastcurANSERM 285, Institut Pasteur & •National Institute for 
Biological Standards and Control, U.K. 

1 The adult respiratory distress syndrome (ARDS) is an acute lung inflammation developed after direct 
or indirect conUct with pathogenic agents. In the present study, a mouse model was developed to mimic 
this condition using aerosolized bacterial lipopolysaccharide (LPS) and to mvestigate the mechanisms 
involved in the lung inflammatory response. 

2 Inhalation of LPS led to a time and dose-dependent increase in tumour necrosis factor-a (TNF-a) 
production and neutrophil recruitment into the bronchoalveolar lavage fluid (BALF) of Balb/c mice. 
Under the same conditions, neutrophil infiltration was also found in the BALF of the LPS-sensitivc 
mouse strain C3H/HeN. but was absent in the LPS-resistant strain C3H/HeJ. Intranasal administration 
of murine recombinant TNF*a also triggered neutrophil recruitment. 

3 One hour after inhalation of LPS, half of the maximal level of TNF-a was measured in the BALF. 
but only a few neutrophils were detected at this time. The peak TNF-a concentration was reached at 3 h, 
when the neutrophil amount started to increase. At 24 h, maximal neutrophil number was found in the 
BALF and TNFra was no longer present. 

4 Pretreatment of mice under different experimental conditions demonstrated that: (a) cycloheximide 
almost completely blocks both neutrophil recruitment and TNF-ot production; (b) anti TNF-a antibodies 
block neutrophil recruitment; (c) indomethacin or aspirin enhance by two fold neutrophil recruitment; 
(d) indomethacin significantly increases TNF-a production I h after inhalation of LPS; (e) dibutyryl 
cyclic AMP and prosUglandin (PGE2) block both neutrophil recruitment and TNF-a production. 

5 It is concluded that aerosolized LPS in mice triggers an acute lung inflammation which can t>e used 
--^ CD as a potential model of inhalaiional ARDS and that, strategics leading to the elevation of cyclic AMP 
- levels in vivo can be effective in modulating LPS-induccd TNF-a synthesis and neutrophil recruitment. 

Keywords: Aspirin; indomethacin; cyclic AMP; lipopolysaccharide; tumour necrosis factor-a; neutrophil; lung 
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Introduction 

In vivo administration of bacterial lipopolysaccharide (LPS) 
triggers a network of inflammatory responses. One of the 
primary events is the activation of mononuclear phagocytes 
through a receptor-mediated process (Ulevith & Tobias, 1994; 
Watson et aL, 1994), leading to the release of different cyto- 
kines, including tumour necrosis factor-a (TNP-a), considered 
as one of the most important mediators of endotoxin-induced 
tissue injury (Beutlcr et aL, 1985; Tracey et al, 1986; Watson et 
al., 1994). Indeed, high levels of TNF-a have been correlated 
with the severity of pathological disturbances caused by en- 
dotoxin (Tracey et aL, 1986; Gorgcn et aL 1992). Once re- 
leased, TNF-a favours the migration and sequestration of 
neutrophils which play a critical role in the pathogenesis of 
lung inflammation (Ulich et aL 1991; 1993; Deni et aL, 1994; 
Steinberg et a!., 1994), including adult respiratory distress 
syndrome (ARDS). The increased adherence of neutrophils to 
endothelial cells induced by TNF-a leads to their massive in- 
filtration in pulmonary spaces (Albelda et aL, 1994; Ulich et 
aL, 1995). This process has initially a defensive function, but 
once activated, neutrophils release proteolytic enzymes and 
free radicals that can cause tissue injury and in some cases 
organ failure. Data obtained from patients or from animal 
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models of lung injury show a close correlation between neu- 
trophil accumulation and tissue damage (Steinberg 1994; 
KoUef & Schuster, 1995). Moreover, lung injury following 
aspiration, trauma, shock or sepsis is characterized by a 
marked infiltration of neutrophils which is associated with the 
severity of ARDS (Steinberg et aL, 1994). 

In the present study, a mouse model was developed to in- 
vestigate the mechanisms involved in lung neutrophil recruit- 
ment induced by aerosolized LPS, This procedure mimics the 
inflammation caused by LPS present in the inhaled air and 
minimizes the toxic effects of LPS, particulariy on endothelial 
cells (Meyrick, 1987). It may thus provide a model for ARDS 
caused by direct (inhalational) rather than indirect (hemato- 
genous) pulmonary insults. 



Methods 

Animals and experimental protocol 

Male BALB/c mice weighing 25-30 g (Iffa-Credo, France) 
were employed in this study. In some experiments C3H/HeN 
and C3H/HeJ mice (Charies River, France) were also used. 
Drugs injected intraperitoneally (i.p.) or inira-nasally (i.n.) 
were prepared in saline. For oral administration (p.o.) they 
were dissolved in 0.5% carboxymethyl cellulose (CMC) pre- 
pared in saline. Protocols for administration and intervals 
before LPS inhalation were as follows: (a) indomethacin 
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(Bmgkg-') - P.O. (1 h); (b) aspirin (SOmgicg-*) - i.p. 
(30 min); (c) PGEj (70 /ig) or db cyclic AMP (2.5 fxg) - i.n, 
(30 min); (d) cycloheximide (1 mg) - i.p. (I h); (e) sheep IgG or 
anti-TNF-ar antibodies (150 and 250 ^\) - intravenously (1 h). 

Animals slightly anaesthetized with ether received directly 
into their muzzles 50 /zl of a solution of db cyclic AMP or 
PGE2 in saline; rTNF-a in 0.2% bovine serum albumin (BSA) 
or inactivated rTNF-a. obtained by boiling the solution for 
1 h. Control groups received saline or 0.2% BSA, respectively. 

The inhalation chamber was made with a buchncr of 1 L 
adapted with conical tubes of glass coupled to a manometer. 
Groups of 5 to 6 mice were put in the tubes to inhale aerosols 
of LPS dissolved at different concentrations in 2 ml of saline 
for 10 min. After different time intervals, animals were an- 
aesthetized with 12 mg kg"' of sodium pentobarbitone i.p., 
tracheae were cannulated and lungs washed 8 times with 0.5 ml 
saline to provide 4 ml of bronchoalvcolar lavage fluid (BALF). 
Aliquots of each BALF were used to evaluate the total and 
differential cell numbers and to assay TNF-a. 

Leukocyte analysis 

Total cells present in the BALF were counted with a Coulter 
counter ZM (Coultronics, Margency, France) and values ex- 
pressed as number of cells ml"'. Differential cell counts were 
performed after cytocentrifugation (Hcttich-Univcrsal) and 
staining with Diff-Quik stain (Baxter Dade AG» Dudingen, 
Germany). At least 250 cells were counted and results are ex- 
pressed as number of each cell population ml"'. 

TNF-CL assay 

VNF-a levels in the BALF were determined by a highly specific 
ELISA with a detection limit of 50 pg ml"'. The assay system 
.-. as established by Mrs C. Dumancy in our laboratory by using 
> rat anti-murine TNF-a polyclonal antibody and a rabbit 
anti-murine TNF-a polyclonal antibody from Endogen Inc. 
(MA, U.S.A.) and a peroxidase-labelled goat anti-rabbit IgG 
from BioSys (Compiegne, France). 

Materials 

Escherichia coli lipopolysaccharide (lot 55:B5) was purchased 
from Difco Lab. (Detroit, MI, U.S.A.); indomcthacin, aspirin, 
prostaglandin E2 (PGE2) and dibutyryl adenosine 3':5'-cyclic 
monophosphate (db cyclic AMP) from Sigma Chem. Co. (St. 
Louis, MO, U.S.A.); cycloheximide from Merck (Darmstadt, 
Germany); sodium pentobarbitone from Sanofi (Libourne, 
France). Murine recombinant TNF-a {E. coli-dtmcd) was 
kindly provided by Dr G.R. Adolf from E. Boehringer In- 
stitute (Vienna, Austria). The rat anti-mouse TNF-oc mono- 
clonal antibody (Vlq0494) was a gift from Dr B. Echtenacher 
(Univcrstat Rigensburg, Rigcnsburg, Germany). The sheep 
anti-mouse TNF-a serum, which was prepared as previously 
described (Mahadevan et aL, 1990), specifically neutralises 
mouse TNF-a and is inactive against other murine cytokines, 
including interleukin-1 (IL-1), IL-6 and TNF-fi. 

Statistical analysis 

Data were analyzed by the Statsworks program. Differences 
between means were evaluated by use of Studcnt*s unpaired t 
test and considered to be statistically significant when /<0.05. 
Results are expressed as means ±s.e. mean. *Indicaies /*<0.05. 



Results 

Effects of LPS inhalation on neutrophil recruitment and 
TNF'CL production 

Inhalation of aerosolized LPS (0.1, 0,3 and 1.0 mg ml"') in- 
duced a time and dose-dependent neutrophil recruitment into 
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the BALB/c mice BALF (Figures la and b). One hour after 
inhalation, few neutrophils were detected. Three and 6 hours 
later this number increased, reaching the maximum level 24 h 
after stimulation. Neurotrophil recruitment spontaneously 
decreased and disappeared after 96 h. The effect of 
0.3 mg ml** LPS was also investigated on C3H mice. Figure 
Ic shows that 3 h after inhalation of LPS, neutrophils were 
recruited into the BALF of the C3H/HeN mice, a strain sen- 
sitive to LPS, whereas no neutrophils were detected in the 
BALF of the C3H/HeJ mice, a resistant strain (Sultzcr et al., 
1993). 

Inhalation of LPS was also followed by a dose-dependent 
release of TNF-of into the BALF (Figure 2a). One hour after 
inhalation of LPS, the TNF-a concentration reached 50% of its 
maximal level, at a time when only few neutrophils were found 
(Figure la), indicating that synthesis of TNF-a precedes neu- 
trophil recruitment. Maximal levels of TNF-a were measured in 
the BALF 3 h after inhalation of 0.3 mg ml"* LPS (Figure 2b). 
Pretreatment of mice with 1 mg of the protein synthesis inhibitor 
cycloheximide i.p., 1 h before inhalation, strongly reduced both 
TNF-ot and neutrophil concentrations in the BALF (Figure 3). 
To establish a relationship between TNF-a production and lung 
neutrophil recruitment, mice received 150 or 250 fi\ of sheep 
anti-mouse TNF-a antiserum i.v. 1 b before stimulation with 
LPS. As shown in Figure 4a, this treatment significantly reduced 
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Figure 1 Effect of inhalation of LPS on neutrophil recruitment. 
Neutrophil number in BALF of BALB/c or C3H mice was 
determined as described under methods. BALF were collected: in 

(a) at different time intervals after inhalation of 0.3mgTnI~' LPS; in 

(b) 3h after inhalation of saline (open column); 0.1, 0.3 or 
l.Omgml"' LPS (hatched columns); in (c) BALF of C3H mice were 
collected 3 h after inhalation of saline by HeN or HcJ (open columns) 
or 0.3 rag ml" * LPS by C3H/H3N (hatched column) or C3H/HeJ 
(solid column). Results are expressed as mean±s.e.mean of 5-6 
animals. 
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the number of neutrophils in the BALF. The same result was 
obtained with rat anti-motise TNF-a antibody Vlq0494 (data 
not shown). The involvement of TNF-a in neutrophil recruit- 
ment was confirmed by treating animals with rTNF-a 
tranasally . As shown in Figure 4b, direct treatment with rTNF-a 
also induced neutrophil recruitment. To eliminate a possible 
contamination of rTHF-a with LPS, a control group was treated 
with heat-inactivated rTNF-a. Results showed that under these 
conditions neutrophil recruitment was almost completely abol- 
ished (data not shown). 

Effects of non-steroidal anti-inflammaiory drugs 
(NSAJDS) 

Mice were pretreated with two inhibitors of cyclo-oxygcnasc. 
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Figure 2 Effect of inhalation of LPS on TNF-a concentration. TNF- 
a was detected in BALF of BALB/c mice by ELISA method in (a) 
after inhalaUon of saUnc; 0,1, 0.3 or LOmgmr* LPS, and in (b) at 
different time intervals after inhalation of 0.3rogml LPS. Results 
are expressed as means ±s,e;mean of 5-6 animals. 




...shown in Figure 5a, oral ad- 
indomethacin or intraperitoneal 



injection of SOmgkg"' aspirin increased the neutrophil 
numbers in the BALF of animals after inhalation of LPS. 

The enhancement of the neutrophil number in the BALF by 
NSAID might be due to an increase of TNF-a levels. In order 
to evaluate this possibility, TNF-a was measured in the BALF 
of indomcthacin-treatcd mice, 1 h after inhalation of 
0.3mgml"* LPS, i.e.. before the maximal level had been 
reached. As seen in Figure 5b, administration of indomcthacin 
increased TNF-a concentrations. 

Tl^F-^ production and neutrophil recruitment under 
conditions that increase cyclic AMP | 

The paradoxical effect of indomcthacin might be explained by ! 
the decreased production of cycUc AMP due to the blockade of i 
PGEj synthesis in a target cell. In order to test this possibility, 
mice were pretreated with 70 ^g or 2.5 /ig db cycUc 



b 

100 r 



Saline 



Figure 3 Effect of prctrcatmcnt with cyclohcximide (CH) on 
neutrophil recruitment and TNF-a production. Each mouse received 
saline or Img cyclohexiimde i.p. 1 h before inhalation of O.Smgml" 
LPS. BALF were collected 3h after inhalation and TNF-ot 
conccmratioD (hatched columns) and neutrophil number (solid 
columns) were determined. Results are expressed as mean±s,e.mean 
of 5 - 6 animals. 
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Figure 4 Effect of anii-TNF-o antibody and rTNF-a on neutrophil 
recruitment. In (a) each mouse received 250 /il of sheep IgG (open 
column), 150pl or 250 /d of Sheep anti-mouse TNF-oc (solid columns), 
iv Ih before inhalation of 0.3mgml~' LPS. In (b) mice were 
treated with 0.2% BSA (open column). l.O or 5.0 pig munnc rTNF-a 
(hatched columns) intranasally. BALF were collecied 3h after 
inhalation or instillation and neutrophil number was deiermined. 
Results are expressed as mean±s,e.mean of 5-6 animals. 



Figure 5 Effect of NSAIOs on neutrophil recruitment and TNF-a 
production. In (a) mice were pretreated with saline p.o., 3mgkg 
indomcthadn p.o. (Indo) or SOmgkg"' aspirin, i.p., (ASA) as 
described under methods. Neutrophil number were determined 3h 
after inhalation of 0,3mgmr * LPS. In (b) mice were pretreated with 
saline or 3mgkg-' indomcthacin, p.o., as described. Neutrophil 
number (solid columns) and TNF-a concentration (hatched columns) 
were determined in BALF collected Ih after inhalation of 
0.3mgml"* LPS. Results are expressed as mean + s.e.mean of 5-6 
animals. 
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Figure 6 Effect of dibutyryl cyclic AMP and PGE2 on neutrophil 
recruitment and TNF-ot produciioc. Mice were prctreated with saline 
or 10 ^ig PGE2, i.n., or 2.5 db cyclic AMP, i.n., lOinin before 
inhalation of OJmgrnl'' LPS, BALF were collected 3h after 
inhalation and TNF-a concentration (hatched columns) or neutrophil 
number (solid columns) were determined. Results are expressed as 
mean±s.e.mean of 5-6 animals. 



AMP i.n. before the inhalation of LPS. These treatments led to 
suppression of both TNF-a production and neutrophil in- 
filtration (Figure 6). 



Discussion 

In this study, inhalation of LPS was followed by the early 
synthesis of TNF-a and by a delayed massive neutrophil in- 
fUtration into mice lungs. Indeed, the formation of TNF-a 
reached its half-maximal level in the BALF I h after provo- 
cation, when neutrophils were not yet detected. This is con- 
sistent with data showing that the transcription of TNF-ot 
starts after 15 min. with TNF mRNA peaking within 45 min 
after LPS addition to macrophagc-like cell cultures (Taffct et 
al, 1989), The massive infiltration of neutrophils that follows 
TNF-a release strongly suggests that this cytokine mediates 
their migration into the lungs after inhalation of LPS, as de- 
monstrated in other inflammatory processes (Ulich 1991; 1993; 
Steinberg et al, 1994). From the literature, it can be hy- 
pothesized that the relationship between neutrophil infiltration 



and TNF-a may be due to the chemotactic property of TNF-a 
(Ming et aL, 1987) associated with an induction of the synth- 
esis of proteins such as adhesion molecules (Albclda et al, 
1994) and members of the inierleukin 8 family (Smart & Ca- 
sale, 1994; Ulich 1995), Indeed, the recruitment of neutrophils 
was strongly blocked when mice were pretrcated with cyclo- 
heximide. Although this treatment is not specific, the si- 
multaneous suppression of TNF-a formation suggests that its 
synthesis may be an essential step for neutrophil recruitment. 
In fact, pretreatment of mice with two different anti-TNF-a 
antibodies, significantly reduced neutrophil recruitment, while 
intranasal administration of rTNF-a triggered this recruit- 
ment. Although it cannot be ruled out that other mediators 
participate, our data clearly indicate that TNF-a is the most 
important mediator which accounts for the massive neutrophil 
influx in the airspaces after inhalation of bacterial endotoxin. 

In order to investigate the role of cyclo-oxygenase meta- 
bolites in this model, aspirin and indomethacin were ad- 
ministered to mice before LPS. Unexpectedly, this treatment 
augmented neutrophil infiltration. This effect might be ex- 
plained by the ability of these drugs to increase leukocyte- 
endothelium adherence, as observed in gastric mucosal injury 
(Wallace et aLy 1993), or to enhance TNF-a production (Pet- 
tipher 8l Wimberly. 1994). In the present case, indomethacin 
was indeed able to increase TNF-a production in vivo, while 
treatment with PGE2 had a protective effect, impairing TNF-a 
production and neutrophil recruitment. It was inferred that 
this enhanced recruitment might be associated with the sup- 
pression of PGE2 synthesis by the anti-infiammatory drugs. In 
fact, it is widely accepted that PGE2 is an important mediator 
during the host response to infection and inflammation 
(Spcngler et al, 1989; Pettipher & Wiraberiy, 1994; Watson et 
al, 1994). Furthermore, recent data provide evidence that 
PGE2 can suppress the synthesis of TNF-a induced by LPS in 
vitro (Spengler et al, 1989; Eisehut 1993). 

In fact, the protective effect of PGEj is associated with in- 
creased intracellular cyclic AMP levels (Schultz et al, 1978), a 
recognized mechanism for the down-regulation of in- 
flammatory cell functions. Accordingly, a procedure was used 
to verify if this mechanism operates under our experimental 
conditions. Mice received directly PGE2 or the analogue db 
cychc AMP, before LPS inhalation. In both cases, TNF-a 
formation and neutrophil infiltration were blocked. This is in 
agreement with the finding that db cyclic AMP suppresses 
LPS-induced TNF mRNA accumulation by peritoneal mac- 
rophages in vitro (Spengler et al, 1989). 

In summary, this study allowed us to conclude that we have 
developed a potential model for understanding the mechan- 
isms involved in inhalational .ARDS, Additionally, we de- 
monstrated that strategies leading to elevation of cyclic AMP 
levels in vivo can be effective in controlling TNF-a production 
and neutrophil infiltration. 
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